Quinary A little over a decade ago, novel ltTiTn\inostimulatmg\X)mpl^s (1SCOM0 Weif |l||c 

re\^^ pxamhncs the position and progress that ISCOM technologyj^lisS achieved in tJief^iipIs of vao^iiije; 



resean:ft«Wrhiedicine ov^t this period. Much of the work on ISCOMs ireir^ed m:p}^^(i^tiX vaccine 
research where there is still m urgent neetf for iillproved adjjuvants to hfeiff ^iril?|it 1mp6|1^nj^3i^^ siich as 
AIDS, malaria and itifluenza. Currently the oMy widely licensed adjuvants lot liuinai^ iiSir^e the alummititii , 
salts, but with the trend tov^ards highly purified subunit vaccines, which are inherently tess iminUBOgei^ie than 
some of the older vaccines, potent adjuvants capable of promDting specific immune it^ r&qiired. ^ 

i I ISCOMs are one such technology that ofiers many oflhese requirements an<3 tlKSr^^sc^ 

I I s^rconff dicaSe Bni^ 



I composed of saponin, cholilHroU phospholipid and in many cases pfi3tein, arc useful components fof a range 

f - I - j wi u ii i flTr-^''''''''''''''^''''*™*"'°^^^'^fti i ^ i w) ia_i jjiMWiR>i*i'iiw rM i n i ii-ii'r'~t <iiiin w -i'«»iiii i ii u i a<iiii n -i> fc »i^Li_j_ ' ■ - , ^ 

lot Human vaccmes. ^ 6- . r 
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Introduction 

The acronym ISCOMs was derived Jiix>m the ability of 
these submicron particles to act as immunostimulating 
complexes in animals when used in vam^es, initially 
prepared from membrane proteins of parainflueriza-3, 
measles and rabies viruses.' This property of ISCOMs as 
a vaccine adjuvant, remains the chief focus of research 
and commercial development of I^lc technology to date. 
The term adjuvant is used in maHf ways in biology and 
medicine. Here it will be used to refer to compounds 
which act in a non-specific mtnner to enhance specific 
immunity to an antigen.- 

The histotyof vaccine adjuvant research is littered with 
nutnerous elcamples of herald-^ new adjuvants that have 
not lived up to expectationf^r have a more restricted 
utility than was first claimeS. Much basic research on 
adjuvant development has been undertaken within the 
bio-pharmaceutical industr>^: thus a considerable amount 
of information on adjuvants is not in the public domain 
or readily availabl%|f#<i:ipe manufacturers would like to 
move away from aluminium-based adjuvants which pre- 
dominantly induce a limited repertoire of circulating 
antibodies to adjuvants that provide a broader immune 
r^ponse> In addition, increasing use of highly purified 
proteins derived by recombinant DNA technology and 
synthetic antigens, most of which arc poorlgg|j||nuno- 
gcnic, has increased the dCTiand t&r a!tern«fi^pptg|^| 
and predictable adjuvan|$* 



Correspondence: Ian Barr, CM^^JJfcitcd, 45 Poplar Road, 
J'arkviUc. Vic. 3052, Australia, ^ 
Received 22 September 1 995i accepted Si-^tember 



Why have adju|ants remained an unlntaactive area of 
investigation fbr lji^, well-funded i^scargA groups? One 
major deterrent has b^n the general iiiconsistency of 
adjuvants. Frequently,^ ^oup of adjuvants has been 
ranked for efficacy with a partiqaiar antigen in a particular 
experimental animal onJy to have the order reversed with 
a change in animal species or antigen. Thus, unifying; 
hypotheses have been difficult to formulate. This has 
to a situation in many research laboratories wt|f|e a monu^ 
mental effort is expended on producing, purifying and 
comprehensively characterizing an immunogen only & 
ipix it prior to injection with an adjuvant, about wMah 
little is known, except that it is easy to formulate. Oi^e 
then hopes for the best in terms of inamuiiity orprotecidon 
following challenge! ^ : 

The enormous research effort in the study of immuno- 
regulation over the past 15 years has led tp,^ del^iUed 
definition of lymphocyte populations, the elucidation of 
the nature of MHOri^stricted antigcil^ r^ghitioti^fi^^ 
above a]|«else, theiflentiftcSMft of cytol^ a i^es^dt, 

adjuvarit research, wbifeii %as latgely wht<t^«iteal 
oriented, can now make use of a wide range td" toots for 
the dissection of cellular and subcellular evente.ThuSj it 
will be possible to precisely ^ifiije Vhat aii id^ti^^j ^% 
Of oetfnot do and clealrly elucidate lis primary jmpde 
action. ^ ' * . ^ , ' ^^^t. 
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iffioAofanlSCOM 




^CO}^ jiSCOM art cofltipmrfarirall 
nifties 0f;^tec AB^Sis^fi}^; hut tht: mom^ijeric tenl 

J§CPMs been described m tjbe literature. The 4assk 
ISGOMs illiped from chol^^teW/sapoigmVpfeosphoilipfd 
and v^i^lien^^^ proteins, and the ba^e lSCOM. which 
is fc§0icd il?tfi&" absence of envelope pml€ins and is 

i#;SipmerSil5f of Ucout ^Bl Figure I 

i:iii.^«i.>ii>-.ia,*^|jjjj^lj.|g0rjj^ igitrix. jnflucnza- 




^fStftm^-anrf fSCOM nfiatfix partkfes are 



TficTfllnarhave a heteroge- 



^ . . ' fe^i® -sizedjj^tilftpniWlir^^ 40 nm m diameter and 
i>-aji^^t^^^jharg^^ inajyTdual^LSfiOM or 



iHCOM jsartideJs ac 



depet#:^^^^||j^^^^^^^and^--^i 



% number Wcandidate vaccine moJeculesV A more liberal 




use as an 



fe:* ^^juvant or an aniigen i^ehide'; hol^^ev^jr^ ifets definition 




dSCQM^i ike structures w^^-^Jm^f bltW^ in it? f in vi- 



; ruiyi^paratjons treated with sapdnin while isolatmg viral 




hJn I9$4l ajpipj^ftnat^ly ISO scfeniific papiiiS 
ft 14 Jdri^^ffiil JSCQMs--Ms.,to,CT^ .to J^idi 
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tti^^^hglf^hieh^^M^ umd 1o pmmote^rf 
f^j^ggPil.^Thi^ has now been dimnon^ 
f fpf |Waf jety of ^hprnn^ #ii.4>auimal w^ogen^. A 
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^f the important Stages in the development 
technology h ven^ in iPaW^^^^ a^thottglf f he 





new forn 



>Ms have ceitifnty fyIfill^^}4orein\ ori 
^^Sfi^t )l|st#03M^M^ht m m inter^s.iii| 







^, First ISCOM-based vaccine sold by fscblec AB (equine 
^ iiiflucika vaccihc for horses) 
1§90. First .<JcmDnstratiQn of JSCOMf . inducmjg a CD8^ 



ehains at po^ki^nr^B ;arid of the agly<:Dne (tjie ring 




Mi^Pi^i%i|^^^^^p^pfj?560- plant genera, Thrfr physiolog- 
ical function js not dearly understood but ihey may con- 
tribute to, the depot nourishment of the plant by the re- 
tease of |nonosac€harides and they may also exert an 
gjlfalil^^W^^vity; Saponins are found in all 



^^ere also exai^8^^K|IH|iM>'iM^XMi 




^^^H^p^iK^ui in the Qtdl/aia (also Written as Qiufiajaf , ^o? -or lattice-like ^sh^^,"cNo 'kn-r^^^g^^^^^^^^^^| 
'-^^^^^^^ree. the highSPi^W^iln.^^^ bark.^Crude ' using ISCOMs made from thes^^^^^^P^^^^^^^gl 



|^^^^|ii|f from bark_:have been widely u$ed m 

J ' "^^^Sl^^liiliSlfi^^^lPSent in beverage!*. The use of 
- sapfeiiins jn^g^^^j^l|i applications had its begin-. 
^^^Jjiings in the i920s whea^ variety of substances were 
^^^^^sted for adjuvant activity. , with formalin-toxoidSf; 



^11^1^ t^;g|^ i o u si 1^, 
ponent 6f ISCOMs and ISCO^v! matrix; Saponins 
long bcenujmown to interact 
Arming com] 




vacanesJ^ However, except m cxpenmental vaccine^. 

^ ' "^iSfcy "^^^f^ y^C^ extensively Untt^ 'F^ntnPt^^* n^nr^n-pH nn 




inet ^ reported on 

tUe value of saponin, availablein Argentina, in foot and 



scries of lipids 
' chbliris*; palmitic acid^^ppf 
-lam i ne, dipai m itoy I pho$i>h|jywj[ylseri^'.^|i^^^^..^... ..... 

giyceroK sphingomyelin or ccrebroside) were teitid for 
their ability to ^cofnbin^ with Q.un:^?i^^fittfilSCOI^.? 




able saponins Jbeing u^ed in FMD in the 1 ^60s, only thpe 
derivetJ||pr^Jh€ South American tree Qmllad^^^^^^ 



1^ , j^1oJ^na were eflfectiv^ 

^^'®^^|^g an aquc0^^^^i%^^P followed,. W-<3ialysis 



imatHx, only cl^olesterol was eflectlvC^ 
% c/ r?/,^^^^usingilJght variations on this nif^B 
the add 

fl^ypical JSCOI|^^^i^ffitf|ff 
ring-like structures or s' 




^^^^^^Hihange chroitiaidgraphy and gel fiJtJatMn^ Dais- 

^^^^^^ll.idcn lifted th^ft|i||iSron j^|;^ §m^|giipP|?hosphgl 





iitimu0Ogei5icity of ISCOMs JSCOM mmm made 
^tfe^dffl^mnt phospholipids. 





I^OMb <^tain!ng aiii^hipathic iitolec»!es 
ISCOMs have^b^0 n3adewjth,,^ampta ipathk^^Mfc^l^ 



^v>:^7i' . ■oi^J^/^V?«TS'^■;?M^^ ^ ifS ^^.^^•^•S^^I'-^>: 'O-^^^^^'U-v-i^iR!^^ 




with the most rigid liposomes they I 



^ §tiidied). megatjyd 



coifld 



~ . '|echpol6gy lias been the u^fifg^^ 
/ ; ' |^|S^aW4 Molina sapofttj^^^^ 




^^^^^^^pi|S>;5^^j^^^^^ft^^^''S^^^^d similar 



tkeniofecuies thikt ar^iin- 
Kire.|^H|ins or gJycoprotcim : 
anchored bv a hydrophobic JiaB^-- 

J??Sratoa^^^w^^a^e^mtQ.-th.^^J.oi^ 
These molecules are extracted bvdeiergent Ireatmettf ahd 
|are integrated into the ljpid-<?m//^|^||apoit^J|atri\ 
whsn the detergent is removed an^^^^^^JglSBHf^^: 
formed>^'^^^ The marmer in which ij^ff"'f^^^i).es^^^^^^, 
grate into ISCOM has been studied by Kersten e/ ai.^ with 
the major outer membrane pore protein Iporin or PI) of 
Neissetia gonorrhoea. By analysing enzyme and cyanogen 
bromide cleavage fragments of PT obtained fr^&|p b|Lg|f0al 
membranei>. ISCOMs with PI incorporated, or from pan* 
ified PI* they found that the orientation of the PI in 
.,..^^^^^,^^^_^^^^.^J»^^^''v^ but not identical to it:> oritnAaiipn in 

A* K^risil et ai-^ the oiiter membrane of the bacterium They also showed 

that the amphiphiHcity of the molccxiie could alfcci the 
^rtmrporation of the PI suggest ing«^^'l|ie"'WR:e ojy 
§ hydrophobic and hydrophilic region! js imporiant and 
that the presence of a hydrophobic tramnicmAirape 
aiiiuence alone js-ih$ufficient for ii^gjjgn of^molmiks ■ 

One limitation of this s^i^:|s- iha||pfcj^t^ 
sdmewhat atypical maj^^p^i^^^aneom* 
mon arrangement of three totipara^^^she^^fcir::;;!^^' 
TeWike channels through the Imperial outer 

I Single and muitiple ^mtpbi|m!)iic ^^^^^'^ been' 




^7- 




|^^|i|[piv;|th# ' high l^v<?|.s- of ^Mhfliienza 

^^'^Sf visuaHzeJ%i life ^lariace of the 




HIV protein gpl60 
anchor and did not 



l^!iS©M5%^asIectcot^'- microscopy fj?f|ll;) 



. . The inethods\¥^«Sa^afe^ 

to ^ ^loss <,i3f^ l:0ilfelwatJonaHy4in 
^#^Wtef Afat^-is.to^ai^y^l^ fef#?^ftr^ the 



|§COMs €(#airiing noi^ molecules 

While amphjpaihic nrcmbmne proteins readily integrate 
mio..|^^^^^ht, efficiency of incot^oratJon of soluble^ 
hydrophilic proieim driv^ry hydrophobic^prot#ns into 
ISCpM^is lowJ^^ XJnljke liposomeiygyigTe there is en- 

iSfce^y small size and internal volumca 

\ have therefore been investigated to expose or introduce 
^^-iiyHrotfeflll^^ into noni^.ir5i|>f g^gdes anS-^ 
hydroi|tiJJf|||j^0pS so that th^^^jpfilii^:;^ppe linked 
to ISCOM^, Whether these molecules are inserted into 

? . ctiles or merely associated with the JSCOM Imalrix re- 
^igylMilJ^e deterniili^i^5^j^ay^^^^^Plpt& to 
^|ll,^j|^^Sf|in and ji)eOio^v simplest 
^^^Ill^ia^^-^jglfJ^ld exposing -the protein to pH 2.5 
^*^SidpSWwitj|^^j^^|^^and Moi^^^^^^btaining 15 
^pd 1 4% ^^^^^^ of purifidi^l^^P gpj 20 and 
BSA. respecti\^ely, into iSCOMs. Heeg ei al^^ also 
claimed good (but not quantitated) ineorporaiion of oval- 
buniin into J^^ with the $anie treatment. ISCOIVls 
formed by this method, which contained tJie partially 
denatured BSA and HIV pr^H^^rnulated better atiti- 
body responses in mice and rhesus m^^^^^ than the 
unincorporated protein alone."*** Thf|i|jg||iS|||i-aise^ 
against the gpl 20 was also functionally active in limited 
testing for /// W/roHJV-l viral neutral }^at^on^^^ **^ Heeg<?f 
a/.**"* also showed high levels of MHC class I-resiricted 
CTL in the draining Hmph nodes of mice injected with 
ovaIbumin-rSCOM*i that were not present in the lymph 
nodes of mice receiving ovalbumin alone.. No compari- 
sons, however, were reported with controls where the 
protein was administered after >1h.ixing oflSCOM matrix 
jarQuil A with ovalbumin. Higher levels of^^^l^Jfjl 
.may be possible witlj^^gJU^jjration teSR^^^^ii 
•|gjQrein ei al^^ has ctajmed 15'-B0% incorporation 



chrome G. Tamm Horsfall giv 
gpl20 hav^beea^Btiemffji^^ 
by covaJent attachment 



c< ^ ^-i.^ 



Imjtic acid 



B-amino roups on tysifi^ in -the protem.'^^^S^^ftifle M \ 
possible tliat the attachmeal gtli^itic acid wlj altir t ^ 
individual epitopes, this has nof-l&feii described to date. ' 





the EimmmJkii^U^^^ lSCC)M§ 0VerCa 

nunlber of experiments* jvlice gi^^p ihe palmftified p!?7- 



\ 

^^^^ 



mice givfen ISCOMs containing patoiKfi^ ditflHSifr' 



ISCOMs'^imily show'^ed imptovSa pife-arid post;challein^^ 
responses compared with tni^ atiministered palmitified ...^ ,,^1^ 
p27 alone, by^the samc^iit^^Mowat e/, ^2^^*?j^]^rtc^v'-S?^^ 
sitUlfpr results ^ith> palmitified ovalbumin in^cdqppi^ted . \ 
imo^O©Mis,^This material was caj^able ^^ipSSp^ 
deJaycd-type hyperseikiSitivity^ (DTH)^^re$p3m^^Sft^f|^|^^::^ 
when injected into the footpad, unlike ovalbum1h^^|^|fe||^^| 
tified ovalbumin or palmittfted ovalbumin inje(^^*|;^^mjij^^ 
Qui! A or ISCOM matrix. JFurthermore, spc^fl^^TJC^iSilfc 



oral fy, btit not In the spfeens of ntWTed ov^lbutnte mfii^ne. xX'j 
No data were reported on CTL derived from the spieen$ < 
of mice administered palmitified ovalbumin alone or 
palmitified ovalbumin combined with Quil A or iSCOM 
matrix. In a iatcr publication Reid^^ stated that Mowat 
had found none of^€iese formulations capable of tnductftg I 
CTL in this system and that only by incorporating ,^lhe 
palmitified ovalbumin into ISCOMs were theyitfile fo 1' 

4«%enerate CTL after omi dosinp 

A novel method to associate influenza nucleoproteiii 

^ with ISCOMs w^-^i^ib^^y,V^iss^^^«/,^Ch^^ 
ftBouplingCby the per jodate oxidation method) wa^ to 
link influenza nucleoprotein WU:mU LPS wbfc|^^©~ten 
inci^ililted. into ISCOMs, This alfowed-^sa^^ta^pt of 
10-20% of thenucled^rotein with ISCOWi fnll^^^^^^^^^ 



iji|t^j|p-mice with ihe i^liarit n^iptiSy^^^^^^p>i^j J 
^^^^ from cha^^^^^^^llMelnfl^^ str^^n^ u 
^,^^^^^^^^^^^-^ntibody respona^rWi^i^^^BS^^^^upled tcf&< 
purified rabbit.,or mgg|e inrmunogj§&ll§|||^iacid^reat-'|^| the same manner and formt^-^Hto ISCOMs 5liC 

menrand Hoglund^^*^ has rep|^^^^|^tment at , "^^JP^frotect n^j%^.or»induce inflien^^jj&tflc rintjbq<f3f. 
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tmm«noid<^aW^mis by 
ptef ^nif ^x^atm mm\x^^\0kk ocpreSon of! 

The fSflkDa jpro^tn.-W'henfncQ into 1^3^^^ 



jOTifeliWSSi^ti^t^of re^nibinant MI¥.Jr^^s^ Inclutf 
mg .i fusion protein. p24'pl 5 and FBI tthf^<^Aoicy- 

^'^^flfiJi^tii^flpJ^^ of-^srr^_^ ^ti|itiv^ JHCyiDa prc^l^^ven ^Idne or wh 



induced hi^cir antibody resj»^lii^e# 






n 




^^^^^ 



WjifJP i^ned B^pj^mmm^y 40% incor- 
l^oi^ti^ of aj^es ot^ibnifificdi^iite imo ISOOMs, 

^sfSb!^^ 4ev^^ Jo ftime p?;ptides 1?^t lower responses 
eompatf;d iHth p|icyiof|i|i studii^ in wbich the peptides 
were Jinl^d to KLH/O^ic^^^p^pj^ted that these differ. 
enc<^ may be 4m to the Jackrf^propriate T-helper cell 
^itjapc»4D jsongij^^f the i^pjtW^. Weijec ^^i a/.^' showed 
1^1^ Immtinc^enidty tii^^ ind f abbils with myri^ll- 
atcd Iwptid^ iii^rporat^ J^^^ ISCOMs than alhiesred 
by simply mi^ng the peptides wUh ISCOM matrix or 
given as peptides adsorbed to AlfOHJ^, There fnay be size 
an4 sequiince limitations on partioislar pej^ids^ as some 
sfaor$, poorly-charged peptides may be too hydrophobic or 
may lacktthe ji^ht hydrophobio^iydrophfli^al^ance for 
incorporation into ISCOMs. * ^ Peptides from id^O resi- 
dues have b^n i^cces^fully modijS^ with lipid tails and 
incorp<^py^ipto lS<^]yfe. ' p.-, 

Anoth^JiSethod iised to associate molicuie^ wih 
ISCOMptiaSb^ jro chemically couple peptides itiid wo- 
teim on to |>r#|f|^^al^COM matm or ISCOM contain- 
ing mfliigp^ enWopevproteins.*^-*^ When coupling is 
via influenza envelope proteins, conventional coupling 
agents such as glutaraldehyde and heierobifunctionaJ re- 
agents have been used.^^-*^ Potentially these techniques 
make it possible for multiple antigens to be attached to the 
same fSCOM particle and immune responses have been 
generated not only to the coupled antigens but also to ttie 
influenza envelope protein to which it is linkcd,^^ Lov- 
gren et at^^ have shown that, with the coupling of biotin 
to preformed influenza-ISCOM, conjugation of at least 
three biotin molecules per viral protein in the ISCOMs 



^rrequiral^ gOod^immuiiOgwM^, itbi^tit^ mote* 
cules p^ ifiisa ^protein being tte ^to?«^e|*t%^ i^teft^ty. 
CoupliT^to JSOOM matrix alone i» ate be achievedl^ 
replacing the phi^pftatidylchohne with phot^phatidyMha- 
nolditilne a^4 ^Itig the amino group for covalent linldng, 
althougji mditi using thirlmhniqueJtei^e not ym. been 
published J'' ' ^ 



Prei^aration of ISCOMs 

Methods forthrismaU j^pale product of ISCOMs have 
beep described In several pre^ous publications* 
ai^dla summary of the steps involved shown in Table 2, 
Of the two methods that have been used extensively, 
dialysis has gained favour over centrifugaiion because of 
its s^rmplicity and greater potential for scaling up. An 
important factor in formation of optimal ISCOMs is the 
ratio of the various components which are mixed together 
at the start. The optimal weight ratios of cholesterol : phos- 
pholipid :C"<7/a /a saponin to obtain typical ISCOM ma- 
trix was found to be l:J :5: while ratios of 1:1:5:0.1 and 
IrltStI €holesterol:phosphoiipid:<?i////u/tz saponin:protcin 
have been reported for various amphipathic proteins in- 
corporated into ISCOMs 

The choice of detergent for solubilization of mem- 
branes and lipids may be important for particular 
epitopes. Merza el al^^ reported a ditferential recognition 
of epitopes with monoclonal antibodies after the produc- 
tion of ISCOMs containing the bovine leukaemia virus 
gp5 1 with severs^liJ^'^^^^^^ non-ionic detergents. Surpris- 
ingly they found w-octylglucoside, Tween 20or Twecn 80 
preserved thdtonfbrmation of gp5 1 , while MEGA- 1 0 and 
Triton-X 100 did not. This may not be an isolated obsep- 
vation peculiar ife this protein as there have been oth|r 



Tkhle^ Preparation of ISCOM (for amphipathic molecules only) 



N 1. Purify and concentrate the virus, bacteriuni, parasite or protein of interest 

^^^olubilizethe^mcnibranc proteins or purified protein using a detergent* timiaJJy a non-ionic detergeni^uch asT^^fon X-100, MEGA-1 0 
6r it-octy1glucoside. A noh-ionic detergent is preferable as its interaction is limited to the hydrophobic regions of the molecu)c and tl)crc 
is liulc orno effect on the hydrophlHc parts of the molecule (these areas may be important in inducing protective jmmuniiy and should 
therefore not be modified)/ 

- 3, Remove insotuble material/proteins liy cent rifngat ton 

- ? 4. FormatiMof ISfiPMs by one W two methods 



Centdfu^tion method 
4a. Solubift^d proteins are spun through a thin layer of tO% 
sucrose eoiSa^ng 0,5% of a non-Ionic detergent e.g. Triton X- 1 00, 
§0^ U laVcied ontO|^ of a 10-^40% sucrose gradient cojttainttjg 
'^i$0r2% Quil A and spiin in an ^tracentriluge. ' 

illfrafctiorts from the sucras^lmlieftt ijroundi ilie 19S value are 



F/o? <Juil A renioye4 W uUracentrtfp^tion tiirough n 10% 




^a.jOi^j^:^ remove sucrose, 
fc4ii^!$ pflSCOM Corroatl^t^ 





Dialysis method 

^^^biHze<f prateins^re^dded to cholesterol and phospholipid 
Kiss^^d in a mm^^ionic di^rgeni e.g- MEGA-IO (or another de- 
tei^^^wilh a high CMC for ea^y^ fcanoval by dialysis) to which 
Qui! S Or a purified saponin is added and mixed. 

5b. Detergent is removed from the mixture by C-Mcnsiv*e dtalysk or 
nlilftfiltration with a number of buffer changes, 

6b. (0|?tionai) Removal of componcms not included into ISCOMt 
(Quil A or proiem miccHcs) by ultracentriiugation throtigh a 10% 
siii^^pie'gradient. ISCX>Ms are peHeted. fPlfiWIi 
7f 3Biily if iSb is done.) Dialysc to remove SiS^fe. ''f^lfi 
fsto 5uch as; morphology (by^^ nej^tiye ^^^^ elearcm mkrosco^y;^, jiize (by electron 
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c^(S€$ of 4snatmkiiott0itk^. these ^fetergents in ISCOM 
wojck (BroT M^rein pm^c^ipm,). Tlie majority (61/7 1) of 
ptbj icatioaf ojtJSCQMs hmi mn4mm dstcrgpim 
^ith (de<x>nyl-,¥^et}iyl gliicanfid?! being 

the most favoured (30/7 1 j follow^^d by Triton X-iOO,' 
(21/71), and ^-octylglucosMe^* <8/7l) with occasional 
mports on the of other non-ionic detergents such as 
MBSK^'^ and Thejonje detergent - sodium 

debxycholat^'*^''**^ ha^ been ii$ed when incorpomtihg 
palmitifled proteim into ISCOMs and the zwitterionic 
detergent Empigen BB^^-^- has also been used for pro- 
ducing HSV ISCOMs. One potential problem in the prep- 
amtion of ISCOMjj is the incorporation of unwanted 
molecules especially when whole viruses are used. For 
example, when cell culture-derived HlV-1 Virus puri- 
fied, Bolubiiized and incorporated into ISCOMs, the 
major constituent was found to be HLA-DR which was 
derived froni the host cell and forms part of the viral 
envelope.^^ When administered to mice^trabbits or 
guinea-pigs these ISCOMs induced high titres of antibody 
to the HLA-DR molecules and low levels of antibody to 
the target molecule, HIV- 1 envelope glycoprotein gpl20, 
which was the minor protein species incorporated into the 
particle. Removal of unwanted amphipathic molecules 
prior to the formation of ISCOMs has been achieved by 
immunoabsorbent chromatography using immobilized j 
specific mAb.^^ 

There have been no publications on large scale produc- 
tion of ISCOMs, reflecting the lack of commercial prod- 
ucts utilizing ^this technology. Iscotec AB have manufac- 
tured an ISCOM-based equine^ influenza vaccine for 
horses in Europe for a number of years. This vaccine is 
made from two egg-grown strains of equine influenza with 
the viruses being purified, disrupted with Triton X-100 
and formulated into ISCOMs with MEGA 10 followed by 
ultrafiltration to remove the detergent. Approximately 
20 000 doses of the ISCOM-vaccine are made per batch. 



Mode of action of ISCOM 

$^'^^i^:^^M^0M^ ' ''^^^^0iMM^^>^/- '-^^(v^^^^'^-^^^i^j^r^ 

The action of an adjuvant may be mediated through ef- 
fects on: antigen targeting, antigen presentation or im- 
mune modulation/'-'^ The adjuvanting effects of ISCOMs 
appear to include all three of these actions. 



4nngen targeting 
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these studies 

of ISQQjWscto ceU nM phago^p^ m^^i«o?~^Si^ 



•werful surfac- 
tant ^propeities of¥i^li,^Ai,Thf ftJ^r uplal^ of ISCOSi^s 




by dendritic cells i^pirMtp^ 
associated with J:he -intAioitiiit 0 
carbohydrates with a recently d^ 






A i^iolecul^ DfiC- 



glycoprotein ligand* ftlthou^^rm^ljlgand^^^^ 
molecule have yet to be dat^i^|ue4) yif i|$4J)|^l|rg^ri'' 
domains. Tatg^tli^ of DB0t^5^1iM^&ea^ifc^*M«n- 




hance endocytosis leidihg to the more efficient prt^e Mai 



tion of antigens to T tells 

Several in ^ vli^^.obsteWations |haVe^^^%m^S#^tti 
ISCOMs. Intraperitoneal inuectionjof mice witli kWled 
influenza antigen in ISCOMs reMti^ relaliv^^ fti^ 
levels of retained antigen In drainiliglymph nodes an4 
the spleen- '^^^ 'Inflammatory^ responses that wlit^obser^Sa^W<^i 
indiided short-lived ^ aeutroijfiil aceumiJl^flonf 
peritoneal cavity that resolved in 24h,^5regidha1%mph; 
node enlargement^^ with non-specificaSivation and cell J 
proliferation demonstrated with splenoeytes f ^ Wwi 
within 10 days df doslng."^^ Unlifc^e d% adjuvants^fi^rid 
aluminium salts, ISCOMs do "not app^r to functidn 
through a depot elfect.^^'^^.Cytokirteirel^sefipm jiaouie^ 
peritonea] cells pulsed with ISCOMs in vitro has beeij 
reported to include the Inflammatory' cytokines such a^^ 
IL-U IL-6, TI^F-a and GM-CSF,^^ 
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Antigen presentation 



1 ( 



Studies by van Binnendijk aV^ suggest th^t ISCQMs 
enter cells via endosorhal vesicles a§ intact particles rather - 
than fusing with the outer cell membranes or en^pspmal 
membranes and deliver antigen (e.g. measles virus fiSsion 
glycoprotein F) to the cytosol for degradation and loading 
of MHC class 1 in the endoplasmic reticulum for CTL 
induction As with liposomes* degmdation of antigf:i^\ 
must also occur within endosomes for MHC cXm^ \l 
loading^"* because of the known potency of ISCOMS mtfife 




Earlier studies established that MHC class II (la anti- 
gen) expressiori is increased tn peritoneal c^l^populatip^j; 
24 h after intraperitoneal injection of I§COMi^^ knd the 



Jn vitro studies indicate that ISCOMs containing antigen 
(e:g, influenza virus envelope glycoproteins) adhere to and 
are taken up rapidly by peritoneal macrophages and other 
APC/'^ Uptake studies examining three populations of 
APC from mice, peritoneal cells {mainly ipiEicropbages 
and monocytes), dendritic cells from the spleen and naive 
B cells, demonstrated that there was a 30-n704old higher 
internalization of biotinylated influenza ISCOMs than for 
mfluen^a envelope proteins pr^fented protefn mic eUes 
whiah were of a similar size,^^*^^ Tlie quantity of ISCOM 
borHi atitigen found in peritoneal cel%y^^$apprwi 
^ li^^^to fouf tiines tfc^tTound4^^^adrt4^^1^f3 ^lf,^gi/^^Xft^;|h|^^ 




eyles,^^ Moreover, ISCOMrbome antiaen <:an be^keh up 
4by B cells l« ^ for p^eJentatior, to helper t^Jls - itl 
question of v^hether multimeric antigen ^^^^ 
adjuvant actionjs still open altbqii^dtoiW^lftl^ 
one antigen prapatBtaon (I^CQM,^.^nM|W;ig^^^ 
influenza' virllproteins) su^^^ ^^t^^^:^^^^^^-^^^^ 



more 

tMn one epitope p^lr molectjie are m^relirimunogenic.^^ 



id a hi^-ptoparfteri°if28%)^of #ll^sso0MiSa^^ 




wi«ltylr^itIf%%%ri^c^Wf 
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entoj 



was 

tlii^^lty, including in- 
any ISCQ^Jdftatn?! ' fr^pt^&P^ oj' monocyles. 



dendritic- 




cells wet^ inctibatcd, 



^d;jLSC6Ms^ ^bmaiithig %i vef ope 

Jtfcl w^jg induced vW&WH^i|i|aifd ^th the same celte^ 
^ft^l^Mtivlth protein f«|i^|iesl|::0ntajning influcn/a 

A^jto^t<eM4>f TS<X)Msw^ unllkdf to acxoint OTtirely 
/ Ipr MS^ctiom j^f lSCOJSl&aS-l^^^ can abolished wrth- 
out Hoc loss of adjuvant activity by adding liposomes 



m ^ ^ conta||i|j^ ch^|«|lf 



5^ . 




type antibodics^^*""^^ suggest that tmmnnomodtalatory 
influences will be difficult to dissect Few reports have 
.s^^nri-^ed ^hetlv^ISGDMi4^n4im;t ImmMne re$poBS<^| 
to pi%d<miinai^y alTfil - dr^ Thl^ype response in ^(vq^ 
t^nf teudy by Robinson ei aU^ using antigens from tlfe 
neniatode pnTm\\^ Trkhlm1ta hpiraUs with ISCOMs, 
alum* Titermax or Freund^s Complete adjuvant obser\ ei- 
an ^s^entiaJly Th2^type response (mainly IgGj) in mi^e 
re^rdle^s of the adjuvant, si^ed. It possible thai these 
iff parasite atitigens and othet antigenst are potent jmmuno-^ 
.modulators m their own right and dominate the response 
profiles through Th subset induction independently of the 
adjuvant* ValensI e/ uL^^ examined the purified Qui! A 
fraction QH-C when it was simply combined with an 
influenza vaccine and administered to naive mice (i,m. or 
$x,J, TWf found that QH-C induced high serum levels of 
IFH-y jind and moderate levels of ^^-5 and TL-6 
^toWin^ and concltided that th^ response was associated 
vrith. both Thl and Th2 xe^ponseSx Other adjuvants 
fXlum, MF-59 and MF-59 + MTP^PE: Mr-59 + MPU 
te$tad in this system induced essentially a Th2 type re- 
sponse with predominantly 11^5 and induction. It 
wotild §eem tbat tbe antigen targeting and presentation 
fungtioijs of ISCOMs may provide adequate explanations 
for their adjuvant activity; but current cytokine studies 
:4i5iay^^^ ailfl.to Jjje erne v^^^ % 



Experlmeptalvacdne results 



4^^^^^^^^^^^^^^^^ studies with ISCOMIi 
- ^ adjuvanted vaccine i^ndidate| has recently been pul* , 

^ ^tl|%f|C*^ Table 3^^jnpnari^$^:;j|3prtte^ 

^afe|i^^^^pous,,lff|^^^ App^^lp^^' 

^'^^feMffe#?ftli1-^n|j^n$. Since Jl9$^<th#|iftjoir;trffs 

'-^^ - ^ tn& w^miMmpvm^^mm^i^^^^mm^^ of i^r- 

flmfe/jsini^^ or^muliple recombfeaitl? pn^&I'^pd^^' 
thetic pe|itides. I nri, and s,c, routes have been fayQui*^d 



<■ vS 



<s7 -5- 

i ^ /i. 



vaa:toation. Ben Aftmediael^fc^^ fe^mdi^^i$t«tmil 
fm* a homologous Snfluto^^ chalfenge^ In ^ 
level do^^Hf inflwti&^ISCOM^tft25 pi HAJ 
Itfli^itftiglly^. TWi li coisfeterit wltb^eaiii^rTCpori^ of ill-. 

dos^s dt t )ig^HA*^.:fnoc5^rate4^ into ISCOMs was r^-^ 
gulred for pro|ectiin and tfiree dosi^ of 3,5 |tg oft respi- 
ratory ^n^^tal v^tmsiRSV) protein was i^uired for pro- 
tection ^gamstan RSV chailenge.^^ Results obtained with 
.^ral vaccination usitig ISGOM vacciii^ bare been vari- 
able, with partial protectbn/rfearance mported in some 
systcms^A^^ but not m andther^^ whil^ peroral admtms- 
tration was superior to intrapstric administration in a 
further study/' ke^ult^ for i.m. and s.e administration 
have generally been more consiattm. 

A hrodi6 range:of as^ys. including specific antibod> 
Jevel detemiinaUons, virus neutralization, lymphocyte 
proliferation and DTH have been used to assess the in 
wo effect of ISCOM vaccines Importantly, a number of 
studies have also awsscd the capacity of the iSCOM 
vaccines to induce protection from challenge (see 
Tabled)* Protection against rotavirus infection in infant 
baboons was also achieved m a $t«dy by Snod^as^^ et <i1 
by injecting ISCOM matrix mixed with inactivated rota* 
virus into nursing baboons to induce serum and milk 
antibody which wa^ then passed on to the inlant baboons 
tn the mothers breast milk. 



Characteriiiation and quality conlroi of 
ISCOM vaccines 

For tSCOM-based vaccines to be licensed for xise in maa^ 
the production process must be fully characterized and 
validated. This section will look briefly at how* this process 
has been approached for expcnrncntal vaccines, for a 
licensed veterinary vaccine and work undertaken to allow 
testing of a human ISCOiyt-based influnn^a vaccine in a 
Phase \ clinical trial 




Expemficnta! vaccines 

Many of the experimental f$COM-bai>cd vacrmcs re- 
ported bave only been partialh eharacten^ed> usually on 
the basis of morphology and a Hmiteti numtw of bio- 
chemical and immunological assays. Electron microNcop> 
\\m been widely used to confirm the presence and sue of 
the characteristic particletJ ^^^^^ Size has also been defer* 
mined by ij\namic hghi scaiienng\tnd by denMiy grtdi- 
^t centnfugation/^'*^'^''^-^^^'*^*'^ AsHcstment^^f tln^ levd 
^Cprotein incorporation has been detemilit^ by Lo^ty^^- 
or Bradford^ assay methods and more rec«tly amino 
acid antlysiH following purification of ISCOMf tf^mity 

. gradtfeitt ccnltifugation*^-^^"*^'^?** Mh^n mM oncoprotein 
lias / <bsen . msed,^^ iiuamttayve SfclSA^^ha^^fpiso ^beerl: ^ 

; . |mspt<wf d-^^^'SDS-P4GE and ■^mtern Mot walysis haft ^ 

Iptiaty and type of pif^lj^ms incorporated into4SCOM^*%- 
%|^y of Jhese 4en$iC^fiem c^^^^ 




Table 3 various vaccine candidates in animal experimental models 



Vaccine 



Species (Sfmin) 



Route 



Viral 

HIV'1 

HlV-1 

HlV-1 

HiV-2 

STV 
SIV 
SIV 
FJV 
FeLV 
Tnfluemza 
tnduenza 
Influenza 

Influenza 
HSV-I 



8PJ60 



Mouse (NMRI) 
Rabbit (NZW) 



HIV-2. H1V.2 V3 pcptt4es Monkey (Msica<iye) 



HfV.2 

SIV.gpiaO j ; , . 

srv 

jpi30 

^'wy peptides 
A/Sichuai|/2/«7 

A/Hon£ K4^6S 
A/Sichuan/S? 

HSVM (6 glycoprotteSns) 

EHV-i EHV-i ' 
Ps. rabies Psf udo rab^^iiv^lDpe 
Ps rabies SHV-1 



Mouse (NMRI) 
Monkey (Kljesus) 
^ ponkcy ^Rhesiis) 
' 'S^#n>t^y {M acaque) 
Cat 

Mouse, rabbit, cat 
Mouse (BALB/c) 
Horse 
Turkey 

Mouse (BALB/c) 
Mouse (BALB/c) 
Mouse (C3H/HeJ 
Mou5^(NlH) 
Seal 

Mouse . 

H <^^^^^^Jony ) 
Moi^^^^P^ 




i.m 



|-I0>i&x3 
25, S5pgx 4 
I0j*gx 3 
140 Jig X 5 
0,5. 5 Jig 1 
1-5 ng>2~25 |ig 
250 ng X 4 
100-500 MS 
! 0 ng j< 2 

50-100 ^gjr^l 
0.025-2.5 fig X 1 
,1-5-pg X 
25^ 100 Jig j« 1, 
i,iii? in, 0.25 jig!^ I 
oral 0«25 x 1*2 



t.m. 
s.c. 

Km. 
I.m. 



Measles MVH pcpi»dK"|^^^^^^^^ 



OraJ.s.c 1 00 Jig X 3 

fx3 1 



lO^TCiDx2 
?x 1-3 

I.2jtg'3.50jig.<i 
I0i*g- 3 



IgG. Ig^^, ig.\ m 

JgG. Ig^ Iffr 
Ig. ADCC CTL 
IgG, VN 
NT 
VN 

u 

IgG 

IgG, VN 
IgC 




Bov. Ad. 3 BAVO &0^ifm- 




75 pg ' 2, 200 Jig K 2 


VN 


NT 


NT 


Rolavtrus RRV\ MM V 1 8006 


Baboon Km. 


''*3 


lgG.A»VN 


NT 


NT 


Bactenal 












Salmonella heidelberg/eotenlidis 


Turkey .^^^HP^^^^. 


2 mg 


Ig 


NT 




Tularaemia F lularenis 


Mouse CiSB^B^^R^ 


3-IOpg 


le 


LP.CV 


+ 


Parasitic 












Malaria P fakipanwi SC3^42 


Rabbit, iTN£|§|ii§p^P-*"®i>i^ 


25pg >* 2. 0.1-20pg < 


2 Ig 


LP 


NT 


Malaria /' falciparum I55/RESA 


Rabbit, monko* Km, 


20 pg . 3 


Ig, Mi 


NT 


NT 


Malaria P fuU iparum CARP 


Rabbit (t^ZW) i,m. 


30pg- 2 


Ml 


NT 


NT 


Tox. gondii Extract, mainh p30/p22 


Mouse (Swiss Webster) s c. 




IgC 


DTH 




Coccidian Eimcaa jaktfonms p27 


Mousc (BALB/c) Oral 


20 pg * 6 


igG.JgA 


LP 




Nematode TnchineUa spiralts ES Ag 


Mouse (C57BU 1 0) s.c., oral 


10, 45pgx2 


IgO. IgM 


NT 




Ticks Boophilus mtcrophis gut Ag Cow i,fn* 


50-350 ug > 5 


IgG 


NT 


+ 



Puemes»«i**' 
York 



Ornish etM:^^*'^^^ 



"^"'^ Lockyer.^i/^^^f^^^;Rt 

Sjdlancl^t,^^^^. 

Sjolandifr I^^^S" 

Lundeoiefi^Stt'" , 
K^n7aT>jt^i?flii|;:A; 

Robinson et 
Jackson I 





S.C., subcutaneous; i.m,, intramuscular, i.n., intranasal; virus neutralization; Ml, inhibition of merazoitc invasion; NT, 
LP, lympJiocyie proliferation, CTL. cytotoxic lymphocyte; DTH, delayed hypersensitivity; *%arying results depending on type of 
challenge; ** varying results with oral or peroral dosing; CY.. measurement of cytokine; ADCC, Abs dependent ceHular cytotgiiidt;^^^^^^!^ 



used as an initial step to separate incorporated proteins 
from unincorporated proteins. Appropriate controls are 
required to show that the protein, or prptcin nii^les 
(without saponin) do not co-migrpte with ISCOMs, which 
would make analysis impos$ibJ4^ A clearer separation 
might be expected if only a sin^ or a few^oteins are 
ysed rather than a whole virus or^bacteri^^tf^i^- While a 
simple method for quantitating the incorporation of mol- 
ecules into ISCOMs has yet to be devisii|%ew techno- 
logies such as capillary electrophoresis ar^^ni |^^^^ 
ined and show some early promise, Immuaogold labelling 
using antibodies to identify specific proteins^^^lfll 
Potential of detecting antigens incorporated ot SK^tiS 
with ISCCW^^ftand while sQpie laboratories have tiKcd this 
ti^ipiqiie* ^10 examplesS^^|i^|>een published to date, 
f USA land radioimmunopii^ilpiil^tton have been used to 
il^^^^-thata^cJeci^^^^r^p^ into tSpOMs have 
i^^ned their n^f^^^^^Jfii^tion.**''**^**-*^*^ For spe 
0pc ma^ect^l0^^ such as/^fljuynza MA and neummlriida^se 
I'^ff ^^^^^l^r qu§.ntiiatl^;i^^^^^<*|t^tfl^ radiarimrounp- 



diffusion (SRID) and HA assay have also befen Vsed 10 ' 




assess antigen levels.^ 

Few workers have attempted to quantitate the Qtber 
constituents of ISCOMs $uch as the Qui! A, cholesterol 
aynd phospholipid conteJni ^uil A lev^ have been de- 
tected by methods $ijcfi a$ hsjmolysis m & rocket dectro- 
phoresis assay »^ nieasdting the incpiporation of ^H- 
labelled Quil A iM4 the lSC6M-containing fraction^ ox 
by rever^e^ phase fiPLC.^ Determination of the level of 
Quil A in the fi^ai vaccine is important because of the 
potential toxic effects of excessive do$€^Jn mlc^^r^^^. 
Kersten el^ aiMiso quantitated eholl^€Jnolc|t?^ ga^^^ 
matography) and phospholipid (by phospbcttti'^^^yl 
Their conclusion Wal that providit^ the propoctJOife of 
the Sating materials {g^il A, phosphcJipid, ^fefl<^s!erol 
and protein) were «ifufl3^#i|tei^ ^e^^^io^ iof the 



..^^tiw-^^j '^^^'^^ate^ th<^ire:%as no selective jn^prj^ 



unehanged/Frt 
ration of any 

Othife 



J, ' 

^ ^^^^ 
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il^to^^^^^^'^^ISqOJ^ produced from 
^^litf^^a^^^ ^lfyi^}^.^^a\fia€m0lyttc activity 

U^Wmmi^ bi?en 
^si^^d fhi^ infia^^Hisaar dehydrogenase ^c- 

AWtiy ^n^ Ipr^r&feMA synthesis m ^ cultures in 
v^/^o^*^ PoUowing incOfporation^f a partranl^r antigen or 
antigens fecc^ the, ISCOM%- the ixnmuni^^Sieiiy of the 
resuUii^ Jf^imJiai^ beeii;^^xiated after iinniuni^ilpa 
hy measiiri^aipifeody i^^me$#edB imiiiiaio- 

west^jnti^^ wit)^^^^ia|ed ;t^^^fif%)i^^^xani- 
incd^lPTH, CTiESififfx^^ assays (e^J^lWf-^ and 
response to challenge (assessed by survival, weight Joss, 
virus isolation and clearance icinetics).**'* ^' * A sum- 
mary ojPihet^s performed on recent vaccine candidates 
fs shown in T$dble 3; similar studies have also been per- 
"^formed Mth model antigens such as ovalbumin, B 
biotui.1^-^^??^-95 



% licensed ve^^^^^accme 'ISCO VA C FLU vet ' 



^0$0&m^^ v|U5C!ne 'has been 



pi&d^j^^P^^ffit^ horses {torn 

'|guin|:|lf|t^^ under 
licence byls/MitS^o6i and sold for the s^me purpose in 
the UK and Ireland). i^#K>Pii^Hp^^n^o^"^''ological 



and toxicological data fpiill^jji^tec^ is shown 

m Tgble 4. It is worth hf|^^||||| none of the vaccine 
batches produced to date^^^^^j gycctcd due to un- 
satisfactory reactions during iafeiy testing of the vaccine. 
In the field, adverse side i^fifects caused by.tht ISCOVAC 
FLt) vet. have been repoi^ed by Swedish veterinarians 
and customers to the NatiotilLl Veteripary Institute, Upp- 
sala (SVA), or the Agency for Medical Products (AMP), 
Froni the time the product was launched approximately I 
million doses of the vaccine have been sold in Sweden 
y^ith no rejp^ adverse side eSects registered at either 
the or the AMP. 
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A Phase I humaminfluenza'-JSCOM mMne 

The most careful chafa<teizatio» and quality control of 
an ISCOM-based vaccine to date has occurred #rip 
the development of an experimental hu^gf ft infitilfizt^ 
ISCOM vaocim %y:CSL JUd CMelbouripf4.u|titili^ 
full descriplion oftim toting is beyonff tKk||| # 
article and only a brief outline wi0 be given heri|^^Mi 
the tests developed to characterize the iSCXI)m£| 
vet. have been used together with a number of other tests 
required for hujman vaccmes. The vaccine is made by a 
^ghl variation;;^|iii dialysis method (see Table 2) with 
uUrafiltralion ^Nf ^to remove detergent. The purified 
^Qi^/a saqpoiim fractions QH-A and QH-C whi<ii Jure 
us^ in the ISCOM vaccine are tested for; colour, clarity, 
near infrared spectroscopy ♦ reversed phase HPLC, mono- 
saccharide analysis, ^lubilily, pH, water content, residual 
solvents, presence of tannins or heavy metals, carbohy- 
drate content, haemoj^lii^ activity* microbial load, abnor- 
mal tpxicj||, endotoxin levels, the abjlity to formlSCOMs 
in the corilct QH-A:QH-C ratio arid testing of the adju- 
vant activity of ISCOPREP 703. Formulaled iniluenza- 
ISCOM$ are examined for: sterility. pH. preservative con- 
tent, endotoxin levels, MEGA- JO levels, total QH-A and 
QH-C (as well as the ratio), free QH-A and QHrC^ hae- 
molytic activity, particle size, abnormal toxicity, mor- 
phology (by electron microscopy), HA content (by SRTD) 
and immunogen icily in mice. ^ 



Comparisons between ISC@]V1 and other vaccine 
adjuvants in expenniental animals and man 

A number of studies have compared a range of adjuvants 
in experimental animals (recent publications).'''*"^^ Vari- 
ous rankings have been obtained ranging from ISCOMs 
being superior to *gold standards' like Freund*s 
adjuvant^* to equivalence with other adjuvants*'^^* or in 
some cases being inferior to other adjuvants.^^ These 
results should be considered carefully as much depends on 



Tiibie4|i^d|>$is of the components^ m^mmendai ions and indications for ISCOVAC FLU vet, vaccine 



If 031^1^. of prod uct 



^ 10 

^ 20 
300 ng 

^ 30 
« 50 fig 



iiDosage fofm^ 
Tiixgct animal sp^ies 
itoute of a^^ministration 
Basia vacanatibn 
|l!^;V|i<^t^aypn , 




ISCOVAC Flu vet. 

2 mL (1 dose) contains; 

HA isolated from A/Eq l/Prague/56 (H7N7) 

HA isoUted from A/Eq 2/Borlange/9 1 (H3N8) 

Quil/aia saponin (Quil A) derivative 

Cholesterol 
J^osph^yd[^ choJinc 
"^Neomyditft 

Suspensiqn .for injeclioi^ 

^Ort«S - " 

^in^uscular i^cciion ^ 

1^ vaccination u ^^^^^^^^ai from 6 months of age 
ili0ihMyaiC3rinaiionl|i&^ 12 months afiei the second vacciaati^ 

Follots^ng the IbUrth va^^ciiig^t^ipn^^nhual ^e-vacc^natlon^ are recommended 
' Acilyt^lp^inuni^tipn pf heatthy horses a^fnst i^uine innuenzit 
tM^r^^Kicvenjent of opitmal Ininvunia^ntWi^^ .vaccination ot t^^r^c:^ ^ th^a ^ 
^fc Inonths of age is no| ftg^mmended ^ - 
2-B*C; vaccine is stable for up to 2 year$ from date of manufacture 
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£j|f #pse of aatig^n and adfuvai^, the anitnal species and 
||e cnt^^^ o|t; which the assessment \t befag made. Few 
stiadies have Extensively i^^kluat^. ISCOMs a^inst a 
panel of adjuvants using a number of antigens, species, 
doses and, most importantly, read-oii|:jy3tems. Adjuvant 
comparisons because of their inherent complexity are usu- 
ally^flie in a single species, with a single antigen, using 
Toiler a small number of adjuvants as§el^^3y rilSny 
endpoints or with a larger number of adjuvahts assessed 
by only a few endpoints. One such studj evaluated 
ISCOMsJSCOM matrix, AIO4, MDPP (muramyl dipcp- 
tide) in a ,ffween 80 squalane emulsion and Freund's 
adjuvant in rabbits with a HlV-1 rgp] 60 protein and 
evaluated 1 1 immunological criteria based mainly on the 
nature of the antibody responses.^* In thi^^ system 
ISCOMs ranked last behind fSCOM matrix, an MDP- 
conlaining emulsion and Freund's adjuvant for antibody 
induction but scored highest for T cell stimulation* In 
contrast* a comparison in mice and sheep with an influ- 
enza vaccine formulated in a series of oil in waWr prepa- 
rations or TSCOMs (A Coulter unpubl. data) demon- 
strated that ISCOMs mduced high antibody levels and 
protection against challenge (in mice) which was equiva- 
lent to the oil in water preparations, but caused less site 
reaction and had a higher level of CTL induction 
(Table 5), 

I Other factors that may affect the performance of 
ISCOMs //; vivo are the method and level of incorporation 
(f* antigen and the dose of Quil A administered.^' If too 
rnuch Quil A is administered (especially in small animals) 
toxicity issues arise which may confuse the interpretation. 
In a recent publication. Stieneker^^/ ^/.*'** injected NMRI 
mice with 5 of a split inactivated HIV-2 viral protein 
and ISCOMs containing approximately 50 )ig of Quil A 
s.c. (a lethal dose of Quil A for this and some other mouse 
strains). To overcome the^loxicity, the vaccine dose was 




reduced W^oldWjfcp:^ 

woultfliave '^ttM^^^^^'^^^^^^^^'^^'^^ 
reformulate the ISCptaf i^p|^saitojg^ pf^r^^ 
or to use the losstoxic, pm^^^^Mutk^^rm fractionSi 

such as ISCOFREP 703. H?#fr^/^ "^''^^^ '^^S^^ 

ISCOM-base4 vacjcim^ also^iaive ihe a6iMy io indilt* 
CTL, which mayAe im^pojrt^ftelhrp^i^^^ 
from soma ^iral tnfectiofm ^n^^l iiBmt«S>thcmfiy/<l%c 
mduction of CTL against sjrecifti^ antigens haij boei\ 
demonstrated for a number of ISCOM-based vaarfn^ 
including influenza HA (R Macfariaa^^^wblv dal^)^ 
influenza nuclcoprpjtein,*^ the heat shoCie ^pfirtcm <rf 
myctfiiSsria,*"^^ HIV envelope pro^in^^ RSN^ an^' 
for ovalbumin.**^*"*^ Other adjuvants have biln%^dW0 
to induce CTL with certain antigens under certain cir* 
cumstances such as QS-2 1 with ovalbumin/*^^ Jdil lit ^ater 
emulsions with ovalbumii^^^^ and HlV.j|p|50^!.^?„AlOH3 
with influenza,**^"* ovalbumin In monophosphOfyl lipid A 
{MPL)-liposomes^**^ and particular iipopeptidesJ^* The 
abiUiy of ISCOMs to induce CTL is a consistent finding 
whlShii^rthe Jiiifi^iftjgidies where they have been com- 
pj^pB^^itll^thir adjuA^ts were capable of achieving 
hpier le|^oftp~L-sEi<;t^^ Unfortunately, there m« few 
r^orts t^^om^are^^h^ty of different adjuvants tp in- 
di^^^jihd it is^tidear at this stage wheth|!r any of 
the^j^ilis are of predictive value in man. 

The need to evaluate a number of candidate til V vac- 
cines provides an opportunity to test a range of the *newei: 
adjuvants' in humans. A large number of adjuvants iaiA 
being tested for safety arid efficacy for thjis purpose by ifl|f' 
AIDS Evaluation Group (AVEG) in collaboration witlh 
the Center for Bidlogical Evaluation and Research, 
FDA>^*''' '^® This group has developed a *Rabbit Adjuvant 
Safety and Immunogenicity Testing Protocol* as a stan- 
dard way of testing candidate vaccine adjuvants prior to 
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Tables Comparison of oil in water adjuvants and ISCOMs formulated avS an influenza vaccine 



Response to challenge 



Adjuvant formulation 
{given s.c.) 


jiig HA/dose 


M.edianl!ffl||g4> 
titre U/nitf ' 


CTL 

induction 


Dose site 
reactions 


Weight loss (%) 


Survival (%) 


Virus alone 


1 


79 






26 


TO . 


V^irus alone 


0.1 


ND 


ND 


' MO 


23 




ISCOMs* 


1 


642 






0.9 


too . ; 


ISCOMs* i^s. 


0.1 


308 






7.8 


. . 100 ^ ;^ 


Squalcne/L121* 


1 


403 


± " ^ 




8 1 


iOO 


Squalenc/Ll2lt^^- ^ v 


0.1 


ND 


NP 




20 


' ^ ^ 100 ' N ^ 


SquaJcne* 


i' 1 










100 


Squalene* ^ 


^ 0.1 


386 ' 




'^Id 


11 H <" 


90 



Purified, disrupted J:/PR-8/3 4 influenza virus was used but tlieiiose was calculated on HA content. The median antibody titre wa§ 
determined in BALH/emicc, « = 10. A value of 1 is equivalerit to a titre of 100 in serum. Mice were bled 1 week after the second dose of 
vaccine. CTL induction was tested in BALB/c mice, n ^ 3. CTL activity was measured with spleen cells after restimulationl^tfirfiStuefti^ 
virus infected cells then assayed for lysis of P815 influenza infected target cells. Dose site reactions were tested in sheep (/i^6)jEijt 
separate experiment with given 5 |ig of HA, The response to challenge was lestedin BALB/c mice, n 10, An aerosol cbaUm^e^W^a^ve^^ 
to mice of approximately 1x10* TC^Dj^ per mouse of A/PR-8/34 influenza v!rus»^0% of unimmuiiized^ice die v^iUf 
jpf^durc. ND. iu>t doncf.-T^no res^^eaction. ' ^ ''\ !/- r^' . .^"^S , 1 "^'^^^ 

'•ffiiUi&xi-lSCOMs were'made j^y-pi^un A,^ wre given approjdmalely"~tp!^^jr^uil pcl^ v^fl^ Jh^cp*^^^ 
appmxim^tely 75 of Qui! pll^ose. ' 

t|%rmulat^to the same^pecifijc^fns^as S/^ ^ JS^S-f '"^^^ 

^ ' ' A. V . s^-- . ' . \'-^y : /:y 







adiuvahts that had 



.J^^...^ 



iroV^eitierit i« protection 

gp^e^'^'Mf^J^ie^^ following 
k^$e'itd|iivair)ts are currently 
iaie f human cUnical trials (sec 
J^^^^ only limited experimen- 
tal alaftppt^ata am ^^0ab1e, Nenher KSCQMs nor IS- 
Cpk matWiK>ere mote^fcdjn this HIV clinical trial but 
^heS'Verc mciii<i^ in a recent SIV trial in macaque mon- 
keys in Europe, *^^ifee trials showed thai an SIV IS. 
COM vaccine was capable of fully protecting monkeys 
(3/3) from challenge ,%ith homofogoi^ JjV Irown in a 
human cell line; however, th1$ te$ult is corripljcated by the 
problem of immune respomei^ to human HLA antigens 
incorporated into the IS^X>M$. Parl^g^^) protei^don 
ft^m challenge with cell-associated Si^gnp^it in simian 
^Hne^l^^i^eved in mdnk^i^ll|h:ll^SC^^ but 
c^nii pristi^ibn wafe obtained W im^iaiii«?d,mdhkeys wte^ 
they ^ere given an extiaccllular^tehrilange of SIV frown in 
simiail celts {no protection was seen wilh ^th^r adjuvants; 
Alum, MDP ot RlBI).^ !n an earlier study 3/4 macaque 
monkeys were protected with an ISOQM-based HlV-2 
vaccine (0/4 controls) from an i.v, challenge with 10 
monkey infectious doses of a simian cell grown, eelj-free 
HI V:^2 ft>r up to 18 months post-vaccination. * 

PnSrto the^'Cc^ijJf^f an ISCX)M-bascd in11u^^^ft> 
cine in man, animil^toxi^^ological and pharm^^^^Jb 
testing was recently can^ied out by CSL (Melbourne, Aus- 
tralia) on ISCOPRlpaftill^^MATRIX and on an 
influenza--ISCON|:^;^^ne,(^^pgde with ISCOPREP 
703). Based on tbSjc^lall fin|tj^8^^|pse studies (which 
included acute-and ^^(^^^ty. l^:^p tolerance, muta- 
genicity, pyrogenicity ^i^|?is a protocol based on the 
AVEG rabbit testing* *?| Stil!ined above) it was concluded 
that it was safe to administer influenza-ISCOM vaccine 
(made with 1SCX)PREP 703) to healthy aduh volunteers 



by the i.m/ route. Pri»maPf^iWil^^lK%._.... 
clinical trial,' a Phase r'^i^i^ruafil^^Bii^P^ 
TRIX will be undertaken#ti^ssalts:# b^^^ 
djfikral trials^wUl t3^-r^|^^1^i|^gM)le 6 Hsts the 
adjuvants that are ct^i^ is^^.^m^^^^fi^&'&i^ 
vaccines as weU-ias. Othitfii% 

some of th#i|^lyu vantf. MF^S^^^^^*^^'^^!^^**!^^ 
fluidized oil (s^iialene) in water emulsion currently being 
developed by jthe Chiron Corporation (USA) th0t.}hgii 
been used alon^or augmented with an J^aiiMfim^ 
MTP-PE»'5 (dba Geigyi^^tigiJap^. QS^l}is #^po- 
nin from Quitlata mponana Moliiii^ark thai%|Jimfied 
to near homogeneity and selected for hiiEldJuvant activ- 
ity and low toxicity that is being developed by Cambridge 
Biotech (USA)>^-' DETOX developed by Ribi (USA) con- 
tains mycobaeterial cell wall skdetdlis ind MPL i%ian oil 
(squalam^^mulsjon^y" SAP- 1 developed by %yntex 
(USA) is a microfiuidizcd oil in water emulsion similar to 
MF-59 but using squalane and the non-ionic block co- 
polymer L'121/'^ In addition, combinations of these 
leading adjuvants stJeh as MPL and QS-Zl have also 
begun to be investigated $n eixpcrimental animals* and 
QS-21 with alum in dmicaJ triaisJ *^ 

Non-vaccine applicattinis oflPHMl 

As reflected in this review^ the bulk of the applications of 
ISCOMs have been centred On their use in vaccines, A 
further application of ISCOM ti^hnology thai has been 
suggested is as carriers of drugs such as amphotericin 
gi 18-1 19 ^j^j Qtj^^,- lipophilic drugs. A prerequisite for this 
work IS the need for isolation or modification of a Quillaia 
saponin component that has little or no immunomodula- 
tory activity and has an acceptable m vivo toxicity, QH-A 
has been suggested as a possible candidate but it remains 
to be seen whether this fraction is sufficiently inert in 
humans. - ^ The term 'delpha' has been coined to describe 
these 'de-adjuvanted* ISCOMs, Further work is required 
to establish the value of this approach. ; 



6 Completed and ongoing huinan c^linical trials using some *ncw g^gneratiaiilvaccme adjuvant! 



Adjuvant 



MULTIPLE* 

>f MTP-PE 
MF-59 + Ml P-PE 
QS-21 
DETOX 
BgTOX 
OETOX c 
MPL + Jipoi^nies 
I^^T^^-B . . 

worn.- 



V 




Vaccine 


Antigen 


Testing status 






HIV-I rgpl20 


Phas<? 1 


107. il? 


HIV 


rgpiao 


Phase I (completed) 


142 


Influenza 


Whole virus 


Phase 1 (completed) 


143 


Melanoma 


GMlganglioside 


Phase I (completed) 


144 


Melanoma 


Melanoma lysale 


Phase 1 (completed) 


)45 


MelanaQfma 


Melanoma pratein^ 


Phase I (completed) 


146 


Ovari|ii& Ca 


Disaccbaride 


Phase I (co^^ted) 


147 


Malaria 


CSP pxmmxi 


Phase I (con^ftcd) ^ 


148 


HIV-4". . 


env2-^ 

WhOlteygBTlS 


Phase T (conipJ^^lipl 




Ilifluenia 


Phase IJ (conipl^te^l . 




Hepatitis aJ 1 


^olQ|rus 


Phase T (compl«i|d| 


-it.::."-' Ar.-r =»--SjS^, 


, Influenza 




Phase! -.:o/^^'^ 




;: EBV " '^'^ 




Phase 1 




, Mflari% 


r ?irttS: recombinant proteins 







*^jeO015 ^a^&$fe#u^tt^foup)^^^gayanu^ are; Alum;MFuS9. MF-59^ft^fflW^ ^mt. SAm ^ 

^^Im *, ^tudJ^being^itied tmx by Qucensl|it|rtstltute of Medical l^mmtch, hm^^^^MM^ being I 
nd and S^ramane, AustoUd: ' ' 
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^ Ai3olh^f application of ISCOMs has been their use at 
a^tigeni ltt tmiiitooassay§, Bjorkman ^/ lised tl|J;s; 
system for the diagnosis of neosporosis in do]^. The In- 
corporation capacity of CSCOMs was uscd^ip^ enrich for 
several relevant ^i^inbrane antigens from the ^x^idian 
parasite AVoA7?fm mmnum. These ISCOMs were then 
coated to EU^A plates and used as a Greening assay 
sera from normal and infected dogs. Compared with a 
drnde lysate, there was a substantial improvement in the 
sensitivity and specificity of the ELTSA when ISCOM 
"^purification* was used^. These values correlated well with 
the xesuh5 |ising the more laborious IFAT (indirect 
im,miinaflrt#esc^nce test) and with clinical symptoms. 
Similar findings have been achieved using Toxoplasma 
gomiihlSCOM^ for serological testing.^- but ii remains to 
be seen whether this application becomes more widely 
applied to other diagnostic testing. 
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It \% npw just oVcr 4 



fSCOMs were fir$t ...'d^nbe<j/- ' 
grown from a novel imtiMBPM 
the leading candidates for .an |^fo 
in human and animal viral vai^jCi^ CJfnlca} iieitiidik^ 
progress to detennme whe|[fi^r|nMifi 
nal methods and compound$ ha^ succepi«li 
the toxicity oFISCOM? s^ufficiiiiidy'%te i^i^^^ 
powerjTuI adjuvant characteristics, T3ie ne^t 1-2 years wJll 
be a watershed for ISCOMs. This penod wtli determme tv 
they are to become part of the new vacd^jtechnologiet.^ 
the 21$t century or whether they will be an interelijiig 
experimental system that is suitable forlt^^als bisit 
require further work for human applications. 
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Unresolved issues 



As outlined in 4his article, laboratory animal studies ^qth 
ISCOMs have clearly demonstrated the capacity of #iis 
adjuvant preparation to elicit high serum antibody re- 
sponses, prominent Thl responses and strong CTL re- 
sponses. The ke\ unresolved issues centre around the 
mode of action of ISCOMs and their use in human 
vaccination. Fractionation of QuHlaia saponin into vari- 
ous components has demdjistrated a reduction in toxi* 
city in aiffmal testing/Whether this finding is translated 
into an acceptable level of systemic or local reactions in 
humans must await the coinplction of clinical trials. The 
dream of high adjuvant potency without any local or 
systemic reactions is probably Just that, a dream.*-* 
However, the key issue i.s: *Is there a dose of adjuvant in 
humans which provides adequate activity and acceptable 
reactivity?' ISCOMs prepared with different reversed 
phase HPLC saponin fractions or combinations of these 
fractions have been shown to ,|||Lve dilfcrent immuno- 
logical and toxichy profiles ilPanimals-^-^^ but thel 
uniformity of action of any one ISCOM preparation has 
yet to be established in the genetically diverse human 
population. | 
.Methods to consistently and predictably incorporate 
antigens, particularly high levels of hydrophilic proteins, 
into ISCOMs have yet to be devised. Moreover, details on J 
the intracellular fate of ISCOM -delivered antigen into the 
various APC Is unknown. Naturally, thi!f jmpartant quan- 
titative aspects of this type of study will fake ^ome time to 
elucidate. The oral route of administratiori (like many 
non-parenteral routes, for that matter) ha# not been 
explored systematically as yet. Great hopes are held 
for ISCOMs in immunotherapy and for the deviation of 
*cstablishcd% counter-productive or irrelevant immune 
responses in chronic infections. This jiaf not yet been 
reduced -^o practice. Finally, the tt^a<?Ity pf ISCOM- 
f delivered antigen to induce a state of loing4ived imnrttino^^^ 
Ifgicai m^niory (probably the key to prophylactic vaccina* 
i||>h) not been established definitively. Nevertheless as 
^ so mat# 11^^^ of JISCOM ^sK^arehibfL ear!y;^tens #re : 
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